INTRODUCTION
Ocean warming is affecting marine species worldwide (Pecl et al. 2017) . One of the most prevalent effects are changes to species' geographical distributions (Sunday et al. 2012 , Poloczanska et al. 2013 . While these 'range shifts' occur in many marine systems, we do not yet have a clear understanding of the mechanisms driving the high variation in rate and magnitude of the changes within (Last et al. 2011 , Sunday et al. 2015 and between regions (Poloczan- ABSTRACT: To date, many studies trying to understand species' climate-driven changes in distribution, or 'range shifts', have each focused on a single potential mechanism. While a single performance measure may give some insight, it may not be enough to accurately predict outcomes. Here, we used multiple measures of performance to explore potential mechanisms behind species range shifts. We examined the thermal pattern for multiple measures of performance, including measures of aerobic metabolism and multiple as pects of escape speed, using the final larval stage (puerulus) of eastern rock lobster Sagmariasus verreauxi as a model species. We found that aerobic scope and escape speed had different thermal performances and optimal temperatures. The optimal temperature for aerobic scope was 27.5°C, while the pseudo-optimal temperature for maximum escape speed was 23.2°C. This discrepancy in thermal performance indicators illustrates that one measure of performance may not be sufficient to accurately predict whole-animal performance under future warming. Using multiple measures of performance and appropriate modelling techniques may lead to a more accurate prediction of future range shifts, in cluding the timing and extent of climate-driven species redistribution.
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OPEN PEN ACCESS CCESS
Single thermal performance measures for eastern rock lobster Sagmariasus verreauxi may not accurately predict whole animal performance under future ocean warming. ska et al. 2013) . Part of the explanation may lie in the complex physiology of marine species and how each aspect of their physiology reacts to changes in their thermal environments.
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Many marine species are ectothermic, meaning that their internal physiology is highly dependent on ambient temperature which, in turn, strongly influences a species' function and behaviour (Pörtner & Knust 2007 , Pörtner & Farrell 2008 , Doney et al. 2012 . To understand the effect of temperature on many physiological and biological processes, thermal performance curves can be constructed. Thermal performance curves allow visualisation of the effects of temperature on bodily rates such as meta bolism, growth and reproduction (Eme & Bennett 2009 , Dell et al. 2014 , Donelson et al. 2014 . With in creasing ocean temperatures, bodily rates are likely to change due to heightened metabolic performance, with consequent effects on species performance and behaviour. While single thermal performance curves may provide some insight to how a particular body function may change under ocean warming, it may be of limited use as a predictor of whole-animal performance.
Aerobic scope, a proxy for the amount of energy available for non-essential body processes, is a key component of organismal energy budgets and is dependent on ambient temperature experienced by ecto therms (Watson et al. 2014) . The oxygen and capacity-limited thermal tolerance hypothesis proposes that there is a limited thermal range for individual ectotherm species in which performance, measured as aerobic scope, is maximised (Pörtner & Knust 2007) . This optimisation, and subsequent decline in performance at temperatures outside of this optimal range, is hypothesised to be due to the mismatch between oxygen demand and supply (Pörtner & Knust 2007) . This measure of organismal performance has been proposed as a way to predict future changes in population characteristics under climate change (Pörtner & Farrell 2008) . While aerobic scope is a valuable measure of performance, there has been an increase in the number of studies that suggest that aerobic scope is an incomplete measure of wholeorganism performance (Norin et al. 2014 , Fitzgibbon et al. 2017 , Jutfelt et al. 2018 ). Different organismal processes have different responses to increases in ambient temperatures, such as the difference between growth rate optimums and aerobic scope in juvenile eastern rock lobster Sagmariasus verreauxi (Fitzgibbon et al. 2017 ) and different thermal optima for feeding and growth performance in juvenile barramundi Lates calcarifer (Katersky & Carter 2007) . Moreover, aerobic scope is not useful for predicting thermal preference or performance in juvenile barramundi (Norin et al. 2014) .
To gain a more robust understanding of the effects of climate change on marine communities, we need to incorporate measures of species' interactions, such as competition or predation performance, along with this individual physiological performance data (Evans et al. 2015) . Another potential constraint, or conversely, facilitator, to species' range change under ocean warming are inter-specific interactions. Changes to a species' individual physiology under climate change are also likely to influence its interactions with other species, by modifying or eliminating current interactions or creating new ones (Pitt et al. 2010 , Kordas et al. 2011 , Pinsky et al. 2013 . For example, predation plays a critical role in the structuring and functioning of marine communities, as predator−prey interactions provide a link for transfer of energy, nutrients and materials from basal species to apex predators (Paine 1974 , Dell et al. 2014 . Predator−prey interactions are affected by temperature through effects on active body velocity in ectotherms (Grigaltchik et al. 2012 , Dell et al. 2014 . As attack and escape performance are key factors in the outcome of predator−prey interactions, the effect of ocean warming on ectotherm mobility and locomotion may have far-reaching effects on marine community structure (Cairns et al. 2008 , Dell et al. 2014 , Öhlund et al. 2015 .
The south east coast of Australia has been identified as an ocean warming hotspot, where rates of warming are up to 4 times the global average . In recent years, Australia has seen many changes in the distribution and abundance of local species as well as new species not previously recorded in the region, from pelagic fish to sedentary invertebrates (Pitt et al. 2010 , Last et al. 2011 , Robinson et al. 2015 . One such species suspected of undergoing a range shift into the area is the eastern rock lobster S. verreauxi (H. Milne Edwards, 1851), a large species of spiny lobster found along the east coast of Australia between southern Queensland and northern Tasmania, as well as New Zealand. There is evidence that S. verreauxi is becoming more common further south along the Tasmanian east coast (Robinson et al. 2015) , although isolated individuals have been reported over many decades. This potential range shift has implications for both fisheries and ecological management. While not currently a targeted fisheries species in Tasmania due to low abundance, continued ocean warming and in creased S. verreauxi recruitment may facilitate a new lobster fishery or compete with the more valuable existing southern rock lobster Jasus edwardsii fishery in the region.
Spiny lobsters have among the longest and most complex larval life cycles of any marine invertebrate, lasting for up to 2 yr in some species, with this stage being important for dispersal and possible range extension (Phillips et al. 2006) . These early life stages may also be more susceptible to effects of climate change and ocean warming than their juvenile and adult counterparts (Pörtner & Farrell 2008 , Storch et al. 2011 , Fitzgibbon et al. 2014b ). The puerulus stage of the spiny lobster life cycle is a critical transitional stage from pelagic larvae to recruitment into the juvenile population. It is a nektonic, non-feeding stage that actively swims to settle onto suitable habitat substrate in coastal regions (Fitzgibbon et al. 2014a) . Like many larvae settling into new communities, puerulus must survive the 'wall of mouths' in their new environment (Emery 1973 , Hamner et al. 1988 . Physiological performance, such as escape speed, is critical for survival for puerulus stage S. verreauxi, and changes to escape speed with warming may have far-reaching effects for the local and potentially range-shifting population.
To understand the future capacity for potential range shifts, we investigated multiple measures of S. verreauxi thermal performance, specifically measures of aerobic performance and escape performance. The specific aim was to develop thermal performance curves for both measures of performance and determine if thermal optimums for each measure were similar or different. Our hypotheses are, firstly, that the measures of aerobic scope and escape speed will have different thermal optimums, based on previous work on S. verreauxi juveniles that showed differences in other measures of performance (Fitzgibbon et al. 2017) , and secondly, that escape speed will not change with temperature as it is an important survival trait that is likely strongly selected for and will hence be less affected by environmental changes.
MATERIALS AND METHODS

Animal collection and holding
Puerulus stage eastern rock lobster Sagmariasus verreauxi were reared from eggs at the Institute for Marine and Antarctic Studies (IMAS) aquaculture facility in Hobart, Australia, as described by and . Fertilised eggs from different brood stock individuals were reared together, resulting in a mixed pool of larvae from which individuals for experimental trials were haphazardly selected. After metamorphosis from phyllosoma to puerulus stage larvae, animals were transferred to individual cylindrical vessels (300 ml) suspended in a 68 l polypropylene sump. Each sump held 9 vessels, each with a single puerulus within, with each temperature treatment conducted in separate sumps. Each vessel had a 5 mm oyster mesh shelter for the pueruli, a mesh bottom and received water circulated from the sump. The sumps were supplied with flow-through filtered seawater from a larger temperature-controlled sump at a rate of 50 l h −1 (0.74 exchanges h −1
). An air stone was used to increase mixing and aeration within each sump, which was maintained above 100% dissolved oxygen saturation. Upon placement of pueruli into this holding system, they were held for a period of 7−9 d at 21°C before any experimental treatments were applied. This was done to eliminate any effects of the moulting cycle on the metabolic measurements but was limited by the time period before subsequent moults. S. verreauxi are at the puerulus stage for approximately 21 d, and trials were conducted from age 10−15 d, making sure that there was no effect of moulting on the trials (Fitzgibbon et al. 2014a ). Animal holding was conducted under a 12 h light:12 h dark regime and marine seawater (33−35 ‰) salinity conditions.
Experimental protocol
Pueruli were assessed for metabolic rates and escape speed at 6 different temperature treatments: 20, 22, 24, 26, 28 and 30°C (n = 6, 6, 6, 10, 10 and 9 replicates, respectively; 0.131 ± 0.052 g average wet weight). This temperature range spanned thermal regimes currently experienced by S. verreauxi as well as above those that may be reached with future ocean warming. From the holding temperature of 21°C, each of the 6 temperature treatments were reached by increasing or decreasing the temperature via submersible heaters (ir33, Carel) by 2°C d −1 followed by a 2 d acclimation period. Due to different times taken to reach trial temperatures, there was an age difference in the puerulus of 5 d between the 20 and 30°C treatments. Even with the age differences, all puerulus remained within the stable intermoult period for the species and life stage (Fitzgibbon et al. 2014a) .
Metabolic rates measured at each of these temperatures included standard metabolic rate (SMR), routine metabolic rate (RMR) and active metabolic rate (AMR), with aerobic scope calculated (aerobic scope = AMR − SMR) (e.g. Fitzgibbon et al. 2014b ). Excess post-exercise oxygen consumption (EPOC) and recovery time were also measured for each in di vidual. For the escape speed trials, maximum (burst) speed, average speed and number of escape re sponses were measured. Both metabolic and escape speed trials were run concurrently. Pueruli were first placed into the intermittent flow respirometry chambers for 16 h to calculate SMR and RMR. After this period, they were placed into the escape speed arena and manually chased by hand for an approximately 9 min period while being video recorded for later analysis of escape speed, before being re placed into the respirometry chambers to measure AMR, EPOC and recovery time measurements for a further 24 h. To clarify, for each puerulus we gathered metabolic rate, escape speed and recovery data measurements.
Respirometry
Oxygen consumption rates of S. verreauxi pueruli were measured using an intermittent flow respirometry system as described by Fitzgibbon et al. (2014b) . The system comprised four 19 ml glass micro-respiration chambers (horizontal mini chambers, Loligo Systems) connected to 4 twin channel mini peristaltic pumps (Mini-Peristaltic Pump II, Harvard Apparatus). Two pumps ensured circulation within the chambers and past the dissolved oxygen sensor at all times, and provided the open−close flushing of the chambers that replenished the oxygen levels to ambient conditions in the respirometry chambers. The chambers were submerged in a 3.5 l outer tank maintained at the trial temperature by a sump with a submersible heater supplied with flow-through filtered seawater. The chambers were connected to oxygen sensors that measured dissolved oxygen levels every 20 s (OXY-4 Mini multichannel fibre optic oxygen transmitter, PreSens). The system was set to a 10 min on, 10 min off cycle allowing for 3 metabolic oxygen consumption measurements h −1 . Pueruli were placed in their respective chambers in the afternoon and left undisturbed for a period of 16 h. The first 2 h of the oxygen consumption data were discarded to allow for chamber acclimation by the pueruli, and the following 14 h of data used to calculate the SMR, using the average of the 5 lowest oxygen consumption values, and RMR, calculated as the average of all measures in the 14 h period. After this 16 h period, the pueruli were removed individually from their chamber at the beginning of an open cycle and placed into a 100 l (59 cm diameter) round chase arena. The pueruli were chased for a 9 min period to simulate exercise to exhaustion (see below for more details on concurrently run escape speed trials). This was done sequentially, with one puerulus chased at a time. The exercised individual was then returned to its original respirometry chamber and left for a further 24 h. This period was used to calculate the AMR (average of the 2 highest oxygen consumption values), as well as EPOC and time taken to recover to RMR. Time taken to recover was estimated when the individual's metabolic rate came back to within 2 standard deviations of pre-exercise RMR. EPOC was calculated by the area under the curve. All respirometry trials were conducted under a 24 h light regime to minimise activity and allow for accurate metabolic rates to be recorded.
After respirometry trials were completed, pueruli were removed from their chambers and wet mass weighed. Background respiration was measured simultaneously for each trial via 1 of the 4 chambers being left empty and subjected to the same conditions and sampling intervals as those with trial pueruli.
Escape speed trials
Escape speed trials were recorded using a stereo video setup with twin video cameras (HERO 4, GoPro). A stereo video system allows for highly accurate measures of distance and speed in 3-dimensions to be made, irrespective of the direction of the escape response (Harvey et al. 2002) . Twin GoPro cameras were housed in waterproof housings (custom housings, SeaGIS) mounted on a stainless steel frame with the cameras angled in wards 15°f rom the perpendicular to allow sufficient overlap of both of the cameras' fields of view. The cameras were programmed to a high speed capture rate of 120 frames per second (fps) with a resolution of 720p (1280 × 720 pixels). The high frame rate allowed for accurate body velocity measurements to be calculated. The camera setup was mounted above the 100 l, 59 cm diameter round chase arena supplied with filtered seawater at the same temperature as used in the respirometry trial. The tank was equipped with an air stone for circulation and an external light source to provide sufficient light for filming. Upon completion of the first 16 h of respirometry trials, pueruli were removed from their chamber and placed in the chase arena. There, they were manually chased for a period of approximately 9 min (deemed long enough for the puerulus to reach exhaustion, as well as to coincide with the flushing period of the respirometry trials). This manual chasing included gently tugging with hands on the antennae and legs and gently prodding the body to illicit an escape response. The pueruli were stimulated continually during this period. Escape responses were defined as events when the pueruli responded with a tail flick response to 'escape' the stimulus. After this period, the puerulus was removed from the arena and placed immediately into its original chamber to continue the respirometry trial. Several measures of performance were taken for escape speed for the entire 9 min trial duration: (1) the maximum speed reached by each puerulus (simulated single escape response), (2) the average escape speed (average of all escape speeds measured during the 9 min interval, simulating performance of individuals undertaking multiple escape responses) and (3) the total number of escape responses exhibited by each pueruli.
Data and statistical analysis
All data and statistical analyses were performed using MS Excel ® , EventMeasure Stereo (SeaGIS software) and R version 3.5.1 (R Core Team 2017). Oxygen consumption rates were calculated in Excel where linear regressions were applied to raw oxygen concentrations to determine the decrease in oxygen concentration over the closed chamber period (9 min) before being transformed to an hourly consumption rate. These consumption values were corrected for background respiration and puerulus dry mass (DW), with final metabolic rates expressed as mg O 2 gDW −1 h −1 . Oxygen consumption rates were ascertained using DW, estimated as 22% of the wet weight measured, based on data from Fitzgibbon et al. (2014a) . Background respiration was measured simultaneously with the trials and was accounted for by subtracting background oxygen consumption values from the oxygen consumption values of the pueruli measurements. Recovery measures were calculated as the time and magnitude taken for metabolic rates to come back within 2 standard deviations of RMR. Magnitude of EPOC was the sum of the area under the curve be tween measured metabolic rates after exercise minus the RMR plus 2 standard deviations. The stereo video footage was analysed using EventMeasure Stereo with distance travelled calculated in 3 dimensions (X, Y, Z coordinates) while the frame rate gave the time taken to complete the escape response. Velocity (in m s −1 ) was then cal culated using the following adapted Pythagoras equation:
where X, Y and Z are the 3-dimension coordinates separated into 'start' position and 'end' position of the escape response, and number of video frames is the number of frames taken to complete the responses from start to end frame.
Regression modelling was used to analyse relationships between measured variables and temperature. Metabolic rates, EPOC and escape responses (maximum and average speeds as well as number of escape responses) were assessed for normality using residual plots and were analysed using linear models as well as linear mixed models. Recovery time was analysed using a binomial response model. Model selection used Akaike's information criterion (AIC) to determine the best fit model. Where appropriate, optimal temperatures (T opt ) for the thermal performance curves were calculated using the first derivative of the quadratic equation from the regression analysis. Pearson's correlation tests were used to identify parameters that were significantly correlated.
RESULTS
Metabolic rates, EPOC and escape response parameters were examined with linear as well as linear mixed models; however, in all instances the simple linear models fit better than the linear mixed models as determined by AIC values (data not shown). Therefore, all regression models referred to herein are linear models.
Pueruli metabolic rates all increased significantly with temperature, with different regression exponents (Fig. 1) . Regression analyses showed RMR and AMR increased exponentially with temperature, while SMR increased linearly (Fig. 1a, Table 1 ). Aerobic scope was best described by a quadratic regression where the measure peaked at 27.5°C (Fig. 1b, Table 1 ). Mortality only occurred at the higher temperatures, with 1, 1 and 3 mortalities in the 26, 28 and 30°C treatments, respectively. These mortalities oc curred during the respirometry phase after the animals were exercised. The measurements of the animals that died during the trials were excluded from all regression analyses.
Recovery rates, time and EPOC showed different responses to temperature (Fig. 2) . At all temperatures, many individuals were able to recover quickly. However, at temperatures 26°C and above, some individuals showed large increases in both recovery time and EPOC. For recovery time, there was a clear division between individuals that recovered quickly 
and those that did not (Fig. 2a) . A binomial response model showed temperature affected whether not an individual came back to its RMR quickly or not, with predicted recovery decreasing with increasing temperature (Wald test, χ 2 = 6.7, p = 0.0096). Individuals that took longer to recover had associated larger values of EPOC. However, exponential regression analysis showed there was no significant effect of temperature on EPOC measurements (F 1, 44 = 0.6171, p = 0. 4363; Fig. 2b) .
Analysis of 2 measures of escape speed -maximum escape speed (single burst response) and average escape speed (average of all escape responses) -showed both responses were non-significant across the temperature range tested (F 2, 42 = 3.153, p = 0.053 and F 2, 42 = 3.158, p = 0.053 respectively; Fig. 3a , Table 1 ). Though this relationship was non-significant at p = 0.053, due to its near significant at α = 0.05 and the relationship between maximum escape speed and temperature best described by a quadratic model, a pseudo-optimal temperature was calculated, which peaked at 23.2°C. The number of escape responses did not differ significantly with temperature (Fig. 3b , Table 1 ).
Results of Pearson correlation tests showed a significant positive relationship between log-transformed recovery time and log-transformed magnitude of EPOC values (r 44 = 0.943, p < 0.001). There was a weak correlation between aerobic scope and loglinear EPOC values (r 44 = 0.325, p = 0.027) but not Table 1 4. DISCUSSION Sagmariasus verreauxi pueruli exhibited different thermal optimums for multiple measures of species performance. Our optimal temperature results for aerobic scope and escape speed support increasing evidence suggesting that a single measure of performance, namely aerobic scope, may not accurately predict whole-animal performance under ocean warming scenarios (Clark et al. 2013 , Norin et al. 2014 , Fitzgibbon et al. 2017 , Jutfelt et al. 2018 ).
Differences in thermal tolerances between performance measures
Different thermal optima of different measures of performance have been found in a range of marine species, as well as across different life stages in the same species. In juvenile S. verreauxi, optimal growth temperatures did not match the thermal optimum for aerobic scope (Fitzgibbon et al. 2017 ). This has also been reported in other species, such as barramundi Lates calcarifer, where different thermal optimums were found for juvenile feed intake and growth performance (Katersky & Carter 2007) . Aerobic scope was also not found to be a predictor of behavioural thermoregulation or performance for juveniles of the same species (Norin et al. 2014) . The pseudo-optimal temperature for escape speed (23.2°C) was lower than the optimal temperature for aerobic scope (27.5°C), indicating that while an individual may have the aerobic capacity to survive and perform well in some areas, escape speed could potentially be a limiting factor in whole-organism performance at higher temperatures, potentially resulting in mortality due to being unable to escape a predator. Collectively, this shows that multiple performance measures can have different thermal optimums which may contribute differently to how a species copes with ocean warming.
Measures of performance may also have differing thermal optimums at different life stages. Prior studies have suggested that larval stages of marine species may be more susceptible to climate change (Pörtner & Farrell 2008) . While there have been studies on aerobic scope in juvenile stages of S. verreauxi (Fitzgibbon et al. 2017) , we are not able to draw conclusions on whether the puerulus stage may be more vulnerable than the juvenile stage due to differences in the methods of the studies and the results. To elaborate, maximum temperatures tested differed (25°C compared to 30°C in this study), acclimation times differed (60 d compared to 2 days in this study) and the results showed different thermal patterns (exponential increase in aerobic scope to 25°C in juveniles compared to a peak in optimal performance at 27°C in this study). As there is no comparable study on the thermal tolerance of escape speed of other life stages of this species, we cannot yet judge if this pattern holds true either.
Escape speed as an important survival factor
Escape speed is considered to be an important survival factor in predation interactions, and therefore escape speed performance may be a highly selected trait (Dell et al. 2011) . Model results found that the effect of temperature on both maximum and average escape speed was not significant (p = 0.053 and p = 0.053 respectively; Fig. 3a, Table 1 ), which suggests that speed may be relatively unaffected by changes in temperature. This may be due to escape speed being a critical survival measure for a prey species to be able to survival a predator attack (Dell et al. 2011) . Other studies investigating the effect of temperature on escape responses have shown mixed results; some found that the temperatures they tested did not affect escape speed (Killen et al. 2015) , while others found that temperature had a significant effect on escape speed (Johnson & Bennett 1995) . The difference be tween escape speed performance suggests that the mechanisms driving how organisms escape from predators varies between species and may be influenced by changing ecosystem pressures throughout different life stages. Escape speed in S. verreauxi ap pears to be unaffected by temperature, suggesting that escape speed during this life stage may be im portant for survival and therefore strongly selected for.
Recovery measures
Recovery time and EPOC showed different patterns of response to temperature. For time taken to recover to pre-exercise RMR, there was a separation between animals at the higher temperatures that recovered relatively quickly, and those that did not come back to their routine metabolic rate for the remaining duration of the experiment. This separation may indicate that some individuals in the population -those able to recover quickly -may have sufficient phenotypic plasticity to survive and a potentially increased capacity to adapt to future tem-peratures (Foo & Byrne 2016) . The longer recovery times were correlated with higher values of EPOC. Longer recovery times have also been associated with higher temperatures in other marine invertebrates (Schalkhausser et al. 2014) , as well as with individuals that are more vigilant (Killen et al. 2015) . Our results indicate that there may be higher costs associated with higher temperatures, such as longer recovery times which may in turn affect survival. At 26, 28 and 30°C, this cost resulted in death during respirometry trials for some pueruli (n = 1, 1 and 3, respectively). As the puerulus stage is a non-feeding stage in the life cycle (Phillips et al. 2006 ), the energy available to them is limited until they moult into their juvenile feeding stage. Thus, this stage is considered to be a potential bottleneck for the population in terms of recruitment success due to high energy demands associated with near-shore settlement while having a fixed energy supply (Fitzgibbon et al. 2014a ). Higher future temperatures coupled with predation pressure may have serious consequences for individuals, as they may not be able to recover sufficiently to transition to their next life stage.
Ecological implications and potential future changes
The extension of the East Australian Current in the region (Ridgway 2007) has already facilitated the range extensions of many other species into this area, and further south in Tasmania, including pelagic fish species favoured by fishers such as pink snapper Pagrus auratus (Last et al. 2011) as well as species that have been detrimental to coastal environments such as the long-spine sea urchin Centrostephanus rodgersii (Ling et al. 2009 , Johnson et al. 2011 . This warming and increase in transport will likely facilitate increased arrival and survival of S. verreauxi pueruli in Tasmanian waters in future years with ocean warming. In addition to a possible range ex tension at the polewards range edge of their distribution, it is also likely that S. verreauxi will undergo a range contraction at their equatorward range edge (Fitzgibbon et al. 2014b) . As temperatures in the equatorward edge of their range currently reach 28°C (Montgomery et al. 2009 ), with future ocean warming it is likely that ambient temperature will exceed those that are optimal, leading to decreases in performance of puerulus and hence a likely de crease in settlement and survival, resulting in a range contraction at the warmer range edge for the species.
CONCLUSIONS
The variability in the investigated measures of eastern rock lobster Sagmariasus verreauxi puerulus performance has implications for this species in terms of selection of particular phenotypes (Clark et al. 2017) , recruitment success (Fitzgibbon et al. 2014b ) and interactions with other species (Dell et al. 2011) . While this study considered multiple possible capacities affecting range shifts, future work should include other measures of performance, including growth at different life stages, reproductive capacity, as well as other measures of species interaction success such as competitive ability for resources and performance of predators. It would also be valuable to identify potential life history bottlenecks that may have a disproportionate effect on populations and examine the thermal tolerances of these particular stages. The more performance measures that are investigated, the greater confidence we will have regarding our capacity to predict responses to future change. In addition, investigating the thermal tolerances at the cooler edge of the species' range would be valuable in determining the implications for settlement survival and species success in the cooler waters of Tasmania. Measures of species performance, including those representative of species interactions, will help develop mechanistic models and more robust and accurate future predictions (Evans et al. 2015) . Pörtner HO, Knust R (2007) 
